Background and objectives: Total knee arthroplasty and total hip arthroplasty are associated with chronic pain development. Of the studies focusing on perioperative factors for chronic pain, few have focused on the differences that might arise from the anesthesia type performed during surgery. Methods: This was a prospective observational study performed between July 2014 and March 2015 with patients undergoing unilateral elective total knee arthroplasty (TKA) or total hip arthroplasty (THA) for osteoarthritis. Data collection and pain evaluation questionnaires were performed in three different moments: preoperatively, 24 hours postoperatively and at 6 months after surgery. To characterize pain, Brief Pain Inventory (BPI) was used and SF-12v2 Health survey was used to further evaluate the sample's health status. Results: Forty and three patients were enrolled: 25.6% men and 74.4% women, 51,2% for total knee arthroplasty and48.8% for total hip arthroplasty, with a mean age of 68 years. Surgeries were performed in 25.6% of patients under general anesthesia, 55.8% under neuraxial anesthesia and 18.
Introduction
Total Knee Arthroplasty (TKA) and Total Hip Arthroplasty (THA) are common elective procedures whose demand is continually rising due to ageing population. 1 According to the Portuguese Arthroplasty Register 4234 primary TKA and 4440 primary THA were performed in Portugal in 2013, 80 and 63 of these, respectively, in Centro Hospitalar São João. 2 The major aim of these surgeries is to relief pain, improve quality of life, physical activity and mobility, allowing a better social and psychological well-being. 3 Various authors have studied this and pain relief was identified as the most important factor concerning quality of life, followed by psychological well-being and restoration of physical activity. 4 Despite the high satisfaction rates published, 5 up to 20% of TKA 5 and 7% of THA 6 patients remain dissatisfied after surgery and require post-surgical supplementary medical treatment, producing an additional burden for the national healthcare system. 7 The final decision to undergo surgery is based on a surgeon---patient agreement. The clinical criteria are different between orthopaedic centres 8 and even willingness among patients depends on age, gender, race, socioeconomic status and pain. 9 This difference is even higher among orthopaedic surgeons, rheumatologists and primary care providers. The only common criteria among all is pain not responsive to drug therapy. 10 Chronic post-surgical pain has been associated to TKA and THA in several studies. Despite the technological and technical improvements, 11, 12 there is still a group of patients with pain after surgery. 13 Pain-related distress, such as frustration, anger and depression, do not correlate solemnly to the pain intensity but also with individual belief, expectation and perception of their condition. 14 During the last years, investigators are searching for chronic pain predictors after TKA and THA in order to diminish its incidence. Preoperative pain intensity, disease duration and post-surgical anxiety were considered the main predictors for chronic pain development after an uncomplicated surgery. 15 Other factors that have shown relation with chronic pain include female sex, younger age at the time of surgery 16, 17 and pain in other locations. 18 Differences in postoperative pain control due to anesthesia technique (neuraxial anesthesia versus general anesthesia) for lower limb joint replacement have been demonstrated. Neuraxial anesthesia improves postoperative outcomes by relieving pain, reducing pulmonary complications, allowing early mobilization and shortening the length of hospital stay. 19, 20 It is also associated with a decrease in systemic infections 21 and mortality. 22 The aim of this study is to evaluate if the type of anesthesia interferes with postoperative pain in a population of patients submitted to TKA or THA.
Methods
After approval of the Ethics Committee of Centro Hospitalar São João (CHSJ), in Porto, Portugal, a prospective observational study was performed between July 2014 and March 2015 with patients undergoing unilateral elective TKA or THA for osteoarthritis. Exclusion criteria were: age <18 years, inability to give informed consent, failure to understand Portuguese language, refusal to participate, American Society of Anesthesiologists (ASA) physical status >3, analgesic allergy, peptic disease, previous surgery on the same location and time between surgery and chronic pain evaluation less than 6 months. The patients enrolled signed the statement of informed consent. Chronic pain definition is not consensual in the literature. The authors considered chronic pain as pain that is present at least 6 months after the surgery. 23, 24 Data was obtained by electronic health record consultation and evaluation questionnaires performed in three different moments. The first (T0), comprised the patient recruitment during the anesthesiology appointment 15 days prior to the surgery in which the informed consent declaration was given and signed. Authors also collected socio-demographic data, type of surgery, ASA physical status, pain and health status from the patient's point of view. The second (T1), was obtained 24 h after surgery. Authors recorded the type of anesthesia (General anesthesia (GA), Neuraxial anesthesia (NA) or Combined anesthesia (CA) --general plus neuraxial anesthesia) and evaluated pain. Data mentioning the analgesic medication used was also registered. The third (T2) was conducted by phone, at least 6 months after surgery, when the authors re-evaluated pain.
Surgery was performed by a team of orthopaedics in the hospital's orthopaedic unit, with no interference or limitation by the investigation team for the purpose of this work. Anesthesia was classified as General if only intra-operative intravenous and/or inhalatory anesthetics and analgesics were used with ventilation assistance, as Neuraxial if a subarachnoid or epidural block was performed with or without intra or postoperative epidural analgesia and combined if both criteria overlapped.
Pain was assessed as a dependent variable in both the intensity and interference domains, using Brief Pain Inventory (BPI) in T0 and T2. In T1, only the intensity domains of BPI were used to assess pain. These questionnaires are validated for the Portuguese population 25---27 to calculate the psychological, socioeconomically and quality of life related to pain.
Health Status by the patient's point of view was assessed by short form SF-12 ® Health Survey questionnaire (SF-12v2 Standard 4 week) in T0 using the 2009 norms. It has been validated 28 and used in previous studies. 29 The Portuguese version wording and format was modified. License for the use of the SF-12v2 was granted.
All the domains recommended by the Initiative on Methods, Measurement and Pain Assessment in Clinical Trials (IMMPACT) which include physical and emotional function, pain severity, pain medication usage, pain quality and the temporal aspects of pain were assessed. 30
Questionnaires Brief Pain Inventory (BPI)
BPI evaluates the multidimensional perspective of pain, namely severity, localization, functional interference and strategic therapies. 31 It relies on a numeric range scale (NRS) that evaluates pain intensity from 0 to 10 (0 no pain, 1---3 mild pain, 4---6 moderate pain, 7---9 severe pain, 10 worst pain). BPI captures two broad pain domains: the sensory intensity of pain and the degree to which pain interferes with different areas of life. The 17 items scale also captures pain location, pain medication use and response to treatments. This questionnaire is a valid, sensitive and reproductive instrument of characterization of pain with extensive use in several studies. 32---34 
Study Short Form 12 (SF-12)
SF-12 is a multipurpose short-form generic measure of health status from the patient's point of view. The 12 items in the SF-12 are a subset of those in the SF-36, and include 1 or 2 items from each of the 8 health concepts: physical functioning, role limitations due to physical health problems, bodily pain, general health, vitality (energy/fatigue), social functioning, role limitations due to emotional problems and mental health (physical distress, psychological distress and psychological well-being). The Physical and Mental health Composite Scale scores (PCS & MCS) derive from the 8 health concepts and are transformed to a T score (mean = 50, standard deviation = 10). A mean of 45 or greater indicates at least average overall functioning or well-being and scores less than 40 indicating significant impairment.
Statistical analysis
All statistical analysis was performed using Software SPSS ® version 22.0 (IBM Corporation, New York, USA).
Continuous variables were expressed as mean and standard deviation as well as median and range. Dichotomous outcomes were expressed as the number of events and percentage.
Normality tests were conducted using Shapiro---Wilk test for a p < 0.05. When non-normal distribution was considered, Kruskal---Wallis one-way analysis of variance was performed for comparison between groups when assessing continuous or ordinal variables. One-way ANOVA was used when normality was considered.
Crosstabs were used to compare nominal variables between the groups. Exact Fisher test was used to determine the correlation when 3 groups were compared. If two groups analysis was carried, the investigational team used chi-square test instead.
Wilcoxon signed-rank test was used when comparing two related samples. If both variables followed a normal distribution, paired t test was used instead. A logistic regression model was performed to ascertain the effects of the surgical procedure, ''worst'', ''least'', and ''now'' pain pre and postoperatively and type of anesthesia on the likelihood of having pain at 6 months. Medium pain score variable was excluded of the model due to multicollinearity.
All reported p-values are two tailed, with a p-value of 0.05 indicating statistical significance.
Results
107 patients were evaluated during the anesthesiology appointment prior to the surgery (T0), 43 had the surgery cancelled or rearranged for a date that did not comprise the study timeframe, 2 were excluded for incomplete BPI in T0. Of the 62 that completed T0 and T1, 3 were excluded for not meeting the 6 months minimum time after surgery and 16 for not answering the phone call on T2 (response ratio 73%), leaving a final sample of 43 patients.
Demographics
Basic demographics of the 43 patients can be found in Table 1 .
Sample comprised 25.6% men and 74.4% women, 51.2% TKA and 48.8% THA. Mean age at the time of surgery was 68 years and mean body mass index (BMI) was 29.88. The majority of the sample (81.4%) scored ASA 2 physical status and 14% scored ASA 3. Concerning anesthesia type, 25.6% patients were submitted to GA, 55.8% to NA and 18.6% to CA. Pain was reported by 42 patients (97.7%) at T0, by 40 (93%) patients at T1 and by 20 patients (46.5%) at T2. Surgery (p = 0.456), age (p = 1.000), sex (p = 0.648), BMI (p = 0.807), ASA physical status score (p = 0.321) and health status level from the patient's point of view (PCS, p = 0.065; MCS, p = 0.147) did not interfere with the anesthesia type choice ( Table 2) .
Pain and pain related results

Preoperative (T0) pain evaluation
At T0, when BPI questionnaire was applied in pain intensity domains, no differences were found between the 3 anesthesia groups (Table 3) .
h after surgery (T1) pain evaluation
At T1, in the intensity domain of BPI, pain ''now'' was statistically significant (p = 0.035), with GA reporting a median pain of 4 (min = 0, max = 8) while NA and CA reported a median of 0 (Neuraxial: min = 0, max = 7; combined: min = 0, max = 6). ''Worst'', ''least'' and ''medium'' pains were similar between groups (p-values 0.544, 0.185 and 0.456 respectively). In all groups there were patients that reported the maximum of pain intensity, with no statistical difference being found in the ''worst'' pain (GA: median = 8, min = 5, max = 10; NA: median = 8, min = 3, max = 10; CA: median = 7.50, min = 5, max = 10). Although ''least'' pain had similar scores with median score varying between 0 and 1 among the three groups, the CA and GA groups scored higher intensity levels (CA: median = 0, min = 0, max = 5; NA: median = 0, min = 0, max = 3; GA: median = 1, min = 0, max = 6, p = 0.185).
Months after surgery (T2) pain evaluation
At T2, 20 patients (46.5%) reported pain. The anesthesia group with a higher percentage of cases was CA group (62.5%). However, no statistical significance was found between anesthesia type groups (p = 0.645).
CA and NA were associated with lower scores of ''worst'' and ''least'' pains. Nonetheless, no statistical significance was found among groups (p = 0.352 and p = 0.496 respectively).
Comparing the evolution of pain between anesthesia groups (Fig. 1) , NA was associated with a decrease in ''worst'', ''medium'' and ''now'' pain (p = 0.037, p = 0.019, p = 0.011, respectively) between T0 and T2 and ''worst'' pain between T1 and T2. CA was associated with a decrease of ''medium'' pain scores between T0 and T2 (p = 0.041) and T1 and T2 (p = 0.041).
Pain interference domain
At T0, all patients that reported pain, complained of some sort of interference in their daily life due to pain (Table 4) , particularly in general activity, mood, walking ability and normal work. In T0, GA was associated with interference of pain on mood preoperatively when compared with the other type of anesthesia (p = 0.046). At T2, general activity, walking ability and normal work scored higher medians. However not all patients reporting pain complained of interference in their life due to pain, with no statistical difference found between type of anesthesia groups.
Although many patients reported a decrease of pain interference between T0 and T2, only those in NA group 
Figure 1
Comparison of pain intensity using all the domains of pain in BPI between T0 (pre-operatively) and T2 (6 months post operatively) using Wilcoxon signed-rank test. a, p = 1.000; a , p = 0.586; b, p = 0.891; b , p = 1.000; c, p = 0.144; c , p = 0.066; d, p = 0.892; d , p = 0.588; e, p = 0.037; e , p = 0.028; f, p = 0.102; f , p = 0.416; g, p = 0.019; g , p = 0.412; h, p = 0.011; h , p = 0.915; i, p = 0.581; i , p = 0.257; j, = 0.144; j , p = 0.157; k, p = 0.041; k , p = 0.041; l, p = 0.066; l , p = 0.180; *p < 0.05.
showed a lower level of interference in ''walking ability'' (p = 0.007).
Predicting pain
A logistic regression ( Table 5 ) was performed to ascertain the effects of surgical procedure, ''worst'', ''least'' and ''now'' pain pre and postoperatively and type of anesthesia on the likelihood to have pain at 6 months. TKA (p = 0.007), ''worst'' pain preoperatively (p = 0.043) and NA (p = 0.042) were associated with development of pain at 6 months.
Discussion
Total joint arthroplasty is the gold-standard treatment for ''end-stage'' osteoarthritis. 35 Several risk factors related to the patient, surgery or postoperative period, have been recently identified for continuous pain and disability after total joint arthroplasty. Patients' non-modifiable characteristics such as younger age, female sex, low income and lack of education are associated with a higher probability of developing chronic postsurgical pain. 16, 17, 36, 37 Equally, modifiable factors such as anxiety, depression, pain catastrophizing, comorbidities, obesity, BMI, highintensity baseline pain, unrealistic patients' expectations, and extent, local and incision type have also proved to be associated with the development of pain. 38, 39 From these, obesity and BMI have shown a negative impact on pain and function after primary elective TKA and THA. 40, 41 Postoperative analgesia is a developing area and anesthesia is an essential part when choosing the analgesia protocol. The type of anesthesia depends on multiple factors, related to the patient's features and preferences, the anesthesiologist's experience and to the surgery and rehabilitation requirements.
In this study, the authors explored the factors that may influence postoperative pain control and chronic pain development after THA and TKA and the relation between them and the anesthesia technique.
Most of the patients of this study were selected for NA (55.8%). This choice did not depend on preoperative factors such as surgical intervention, age, gender, BMI and ASA physical status and probably reflected the anesthesiologist's or anesthesiology department's preferences. On a retrospective review of THA and TKA, performed in 400 USA hospitals, Memtsoudis et al. reported that 74.8% were submitted to GA, 11% to NA and 14.2% to CA, 42 which may also reflect local or personal preferences or the time of data collection (2006 until 2010).
Daily activities, such as dressing, walking, climbing up or down a flight of stairs might pose a challenge for most of the patients preoperatively. So it is understandable that patients' expectations after surgery are high, hoping to regain activity and improvement of pain. 43, 44 In this study, all patients that reported pain in the preoperative period complained of some interference in their life due to pain, particularly in general activity, mood, walking ability and normal work. But only GA was associated with interference of pain on mood. The authors cannot exclude that patients' mood may have influenced the anesthetic technique choice by the anesthesiologist. At 6 months after surgery, the authors did not find any relation between 18, 45 The author's study further supports these results by finding that 68.2% of the TKA patients and 23.8% of the THA group complained of pain at 6 months after surgery. Pinto et al. also reported the pain interference in daily activities, with higher results being found on our sample. This might have occurred due to our higher mean of age.
Acute postsurgical pain has been described as a chronic postoperative pain predictor. 46---49 However, presurgical pain has showed a stronger predictive value 50,51 which seems plausible in face of the long-term influence that it might pose on the neuro-physiologic processes underlying chronic postoperative pain development. 15, 52 In our model all postsurgical pain intensity variables failed to show significance in predicting pain at 6 months. Only ''worst'' pain preoperatively showed predicting capability, supporting the importance of presurgical pain as predictor.
In this sample, NA showed a protective trend in pain development at 6 months when compared to GA (OR < 1). In fact, NA was associated with lower ''worst'', ''medium'' and ''now'' pain between T0 and T2. Although the authors did not find any similar studies that assessed the prediction of chronic postoperative pain between THA/TKA and anesthesia type, this has been demonstrated in other surgical models. In fact, inguinal herniorrhaphy, 53 caesarean section 50, 54 or hysterectomy 55 have shown a higher likelihood of developing pain at 6 months with GA when compared with NA.
Patients on the NA or CA group had a better pain control on the ''now'' pain intensity scale, at 24 h postoperatively. This is probably the result of the postoperative analgesic protocol. In fact, patients on the NA and CA groups had a stronger analgesic protocol (based on neuroaxial opioid and local anesthetic plus systemic analgesics and/or NSAID) than GA group (based on systemic NSAID's, Paracetamol and Weak opioids, with strong opioids being used as rescue medication). Macfarlane, in an extended review, reported similar results with NA showing benefits on pain in the first 72 h and on opioid consumption. 19 Other studies only demonstrated benefits of spinal anesthesia in the first 6 h after TKA 56 or THA, 57 but in these cases, patients only received intrathecal local anesthetics (with no opioid). Nonetheless, a better pain control has been associated with a shorter recovery time, faster mobilization and discharge, which may improve life quality. 58 The authors recognize some limitations on this study that may compromise its external validity. The sample is small due to the follow-up losses, all patients are from a single academic institution, authors did not evaluate complications resulting from anesthesia or surgery nor post discharge events and did not take in account other anesthesia/analgesia methods such as peripheral nerve blocks.
Conclusion
In this prospective study, total knee arthroplasty, ''worst'' pain preoperatively and general anesthesia are predictors of chronic pain development.
Patients with gonarthrosis and severe pain preoperatively may benefit from individualized pre-and intraoperative care, particularly preoperative analgesia and neuraxial anesthesia.
This study was observational and the results may be a reflection of the patients' characteristics or due to being a small sample instead of the effects caused by the type of anesthesia. A randomized controlled trial comparing the type of anesthesia and the pain development at 6 months for each specific arthroplasty is recommended.
Nonetheless, this study is another important step towards a better comprehension of the development of chronic pain after a major arthroplasty of the lower limb.
